A colony hybridisation method with enzyme-labelled oligonucleotide probes was developed to detect the gene for toxic shock syndrome toxin 1 (tst). For rapid identification, bacterial colonies were transferred from agar plates directly on to nylon membranes. These procedures took only 3 h. Results obtained by this test correlated well with those obtained by the reverse passive latex agglutination test. Thus, this method is convenient and reliable for the detection of tst in staphylococci, which could be useful for both research and clinical purposes. This method demonstrated that tst was more prevalent in methicillin-resistant Staphylococcus aureus (56%) than in methicillinsusceptible S. aureus (4%).
Introduction
Toxic shock syndrome toxin 1 (TSST-1) is an exotoxin produced by Staphylococcus aureus [l, 21. It is thought to play a central role in the pathogenesis of toxic shock syndrome (TSS). TSS is a multi-system illness characterised by fever, hypotension or shock, skin rash, desquamation of both hands and feet skin, and multiorgan involvement [3] . Recent accounts describe TSST-1 and some staphylococcal enterotoxins as superantigens [4] that activate clones of T lymphocyte via the specific Vp region of T-cell receptors [5] . The activation of large numbers of T lymphocytes mediated by TSST-1 is significant in the pathogenesis of TSS and other staphylococcal infections [6] . Identification of TSST-1-producing strains is important, not only for studying pathogenesis related to S. aureus infection, but also for screening virulent strains in clincial microbiology laboratories.
Several immunological detection methods have been developed for TSST-1 -reversed passive latex agglutination (RPLA) [7] and enzyme-linked immunosorbent assay (ELISA) [8, 9] with anti-TSST-1 antibodies. However, immunological methods have several disadvantages, including variations in the quantity of toxin produced due to culture conditions [lo, 111, and the requirement of a long (e.g., 20 h) incubation period for the production of toxin.
Alternative methods to identify TSST-1 -producing S.
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aureus have been based on the use of probes for the TSST-1 gene (tst) [ 12-1 51. Unfortunately, these methods are usually impractical in clinical laboratories, because the DNA probes are mostly labelled with radioisotopes. To overcome this disadvantage, a DNA hybridisation method with enzyme-labelled oligonucleotide probes was developed to detect tst (TSST-ELONP), and the results were compared with a commonly used immunological method, RPLA.
The distribution of tst was investigated in methicillinsusceptible S. aureus (MSSA) and methicillin-resistant S. aureus (MRSA), which is a cause of serious nosocomial infection [ 161.
Materials and methods

Strains
All the isolates were derived from individual patients with staphylococcal infections at hospitals in Osaka, Japan; there was no duplication of patients. MIC of oxacillin 2 4 mg/L was defined as methicillin resistance [17] . S. aureus strains RIMD3109035 and RIMD3109037 were used as positive and negative controls, respectively, for the detection of both TSST-1 and tst. All the reference strains were supplied by the Laboratory for Culture Collection at Osaka University.
Preparation of probes
Oligonucleotide probes possessing an internal deoxyuridine introduced with a linking side arm were prepared following a previously described phosphoramidate method utilising a DNA synthesizer [18] . The probe was purified on a Mono-Q column (Pharmacia, Uppsala, Sweden). Three types of oligonucleotide probes recognising different regions of tst were chosen and prepared after considering reported data [19] . The selected nucleotide sequence for probe 1 was the 176205th nucleotide sequence of tst; probe 2, the 399425th and probe 3, the 530-557th. The sequences of probes 1, 2 and 3 were 5'-CTTTTACAAATA-CAATAGAACTACCTTT-3' and 5'-TAACTCAAATA-CAXGGATTATATCGTTC-3 ', respectively (X denotes a deoxyuridine to which a side arm with a six carbon spacer was introduced). Purified linker-armed oligonucleotides were covalently cross-linked with alkaline phosphatase as described previously [ 1 81. Conjugates were then dissolved in conjugate buffer ( 3 0~ TrisHCl, 3 M NaCl, 1 mM MgC12, 0.1 mM ZnC12, NaN3 0.05%, pH 7.6 at a DNA concentration of lOpg/ml and stored in the dark at 4°C until use. The enzyme activity of the probe was stable for at least 1 year.
GXGAAGTTTTAGATAATT-3 I, 5 '-ATTACCTACXC-
Colony hybridisation
Colony hybridisation was performed with enzymelabelled oligonucleotide probes following previously reported methods [20] with minor modifications. After overnight growth at 37°C on Heart Infusion Agar (Difco Laboratories), colonies were transferred on to nylon membranes (Gene Screen PlusTM, Dupont-NEN, Boston, MA, USA) with sterile toothpicks. The membrane was laid on a filter paper (3MM; Whatman, Maidstone) saturated with 10 mM Tris-HC1 buffer (PH 8.0) containing 1 m~ EDTA and achromopeptidase (Wako Pure Chemical Industries Ltd, Osaka, Japan) 1 mg/ml. After incubation for 30 rnin at 55°C to lyse the cell wall, the membrane was laid on a new filter paper soaked with 0.5 N NaOH-sodium N-lauroyl sarcosinate 1% in a plastic tray preheated to 95°C in a water bath and incubated at 95°C for 10 min to lyse the cells and to denature the DNA. To neutralise alkalinity, each membrane was transferred on a filter paper saturated with 1 M Tris-HC1 buffer (PH 7.4), and incubated for 1 min at room temperature. The membrane was transferred to a new filter paper wetted with the same buffer and allowed to stand for 10 min at room temperature. Each membrane was then transferred to a tray containing 100 ml of 5 x SSC (1 X SSC was 0.15 M NaCl, 0.015 M sodium citrate) and the residual bacterial debris was gently rubbed off with a plastic sponge. After rinsing with fresh 5 X SSC, the membrane was transferred into a plastic hybridisation bag containing 1 ml of hybridisation buffer (5 X SSC with bovine serum albumin 0.5%, polyvinylpyrrolidone 0.5%, SDS 1%) with 5 pl of the probe solution (for a 100 cm2 membrane). The bag was incubated at 55°C for 15 min in a water bath. Each membrane was then removed from the plastic bag, transferred to a tray containing 100 ml of 2 X SSC, SDS 1% preheated to 55°C and incubated for 10 rnin at 55°C with gentle shaking in a water bath. The membrane was transferred to a tray containing 100 ml of 1 X SSC, Triton X-100 0.5% and incubated for 10 min at room temperature. Following this, each membrane was transferred to a plastic bag containing 7.5 ml of substrate buffer (0.1 M Tris-HCl, 0.1 M NaCl, 0.1 M MgC12, 0.1 mM Z n Q , NaN3 0.05% pH 8.5), 33 pl of nitroblue tetrazolium (75 mg/ml in dimethylformamide 70%) and 25 p1 of 5-bromo-4-chloro-34ndolylphosphate (50 mg/ml in dimethylformamide) in a plastic bag and incubated at 37°C for 40min. The development of a purple colour on the membrane was judged as a positive result. The presence of the tst gene was determined visually by comparison with controls. These procedures take <3 h. To determine the limit of the detectable number of bacterial cells carrying tst, serial dilutions of a culture of S. aureus RIMD3109035 grown in Heart Infusion Broth (Difco Laboratories) were prepared and 2 -4 portions of the dilution were spotted on to a membrane. After drying, the membrane was assayed in the same way as above and detection limits were determined. The limit of the detectable number of bacterial cells by this method was c. lo5 cfu (data not shown).
Immunological detection of the toxin
TSST-1 was detected immunologically by RPLA (TST-RPLATM; Denka Seiken Co. Ltd, Tokyo, Japan) [7] . After growth in brain heart infbion broth with reciprocal shaking for 18 h at 37"C, the broth culture was centrifuged at 2500 g for 10 min. To prevent interference of RPLA due to protein A, 0.2 ml of normal fetal bovine serum (ICN Biomedicals Japan Co. Ltd, Tokyo, Japan) was added to 1.8ml of each supernate and the mixtures were incubated for 30 min at 37 "C. The mixtures were then centrifuged at 2500 g for 10 min and the supernates were assayed by RPLA as recommended by the manufacturer.
Statistics
The x2 test was used to compare the prevalence of MRSA and MSSA strains producing TSST-1 or possessing tst. A level of 5% was accepted as statistically significant.
Results
A total of 215 staphylococcal strains, comprising 180 S. aureus and 35 coagulase-negative staphylococci (CNS) was examined by TSST-ELONP and RPLA.
TSST-ELONP correlated very well with RPLA for S. aureus (Table 1) . The sensitivity and specificity of TSST-ELONP for S. aureus with probe 1 were 98% and 99%, respectively, those of probe 2 were 98% and 99%, and those of probe 3 were 100% and 99%. Results were consistent for 177 of the 180 strains. However, three strains, D1, D2 and D3 gave incon- sistent results. As shown in Table 2 , a RPLA-negative isolate (Dl) was positive with all three probes. RPLApositive strain D2 was positive with probes 2 and 3 but negative with probe 1. RPLA-positive strain D3 was positive with probes 1 and 3 but negative with probe 2. All the CNS gave negative results in both TSST-ELONP and RPLA.
Of the 180 S. aureus isolates tested, 100 were MRSA and 80 were MSSA. As shown in Table 3 , 56 MRSA were tst-positive in TSST-ELONP; possession of tst was determined when at least one of three probes showed positive results. Of the 56 isolates, probes 1 and 2 gave negative results for S. aureus strains D2 and D3, respectively, whereas probe 3 gave positive results for the two strains. RPLA and TSST-ELONP gave identical results for the 100 MRSA strains. Among 80 MSSA, four strains were tst-positive in TSST-ELONP and three of the four were positive in RPLA. The other case was strain D1, which was negative in RPLA but positive in TSST-ELONP. The strains producing TSST-1 or possessing tst were more prevalent in MRSA (TSST-1 56%; tst 56%) than in MSSA (TSST-1: 4%; tst: 5% (p < 0.05). 
(4)
~~ ~ *Positivity was accepted when more than one of three probes showed positive.
' p < 0.05 versus MSSA.
Discussion
In this study a colony hybridisation method was developed with enzyme-labelled oligonucleotide probes for the detection of tst. Immunological methods for detecting 9] are sometimes difficult because of the small amounts of TSST-1 produced. Toxin production is influenced by various factors, such as culture media, incubation temperature, incubation period, aeration, pH, glucose and magnesium content [ 10, 1 11. Staphylococcal protein A and antigens cross-reactive with TSST-1 may also interfere with the results [14] .
Alternatively, to identify TSST-1 -producing isolates genetically, DNA-fiagment tst probes have been applied recently [12] [13] [14] [15] 191 . Although these genetic methods have proved reliable and useful for the detection of tst in research laboratories, cloned DNAfragment probes labelled with radio-isotopes were mainly used. Radio-isotopes are hazardous materials that are laborious to prepare, need special handling procedures and require facilities for safety, which make their use less practical in clinical laboratories. Enzyme-labelled oligonucleotide probes avoid this problem. The enzyme-labelled oligonucleotide probes for tst (TSST-ELONP) developed in this study were easy to handle and stable for a year when stored at 4°C. Moreover, TSST-ELONP is a convenient method because it requires only 3 h for completion and does not require special equipment other than a water bath. The detection limit by TSST-ELONP was as low as that of radio-isotope labelled probes (I O5 cfu) [ 131, i.e., sensitive enough to detect tst fiom a single colony.
TSST-ELONP results correlated well with RPLA results amongst the staphylococci used in this study. Discrepant results in three strains (Table 2) among 2 1 5 strains tested suggest the following possibilities. In S. aureus strain, D1, the level of toxin production may be lower than the detection threshold of RPLA, or tst may not be expressed [13] ; this may be due to possible mutations in the regulatory system such as the accessory gene regulator (agr) [21] . In S. aureus strains D2 and D3, one of the three probes tested was unable to hybridise and RPLA showed positive results. A plausible explanation in these cases may be point mutations of tst at the hybridisation site of the probe [13] . To avoid false negative results in TSST-ELONP caused by such mutations, three probes were constructed that hybridised at the different regions of tst.
Higher accuracy can be expected with this multipleprobe system.
Investigations as to whether or not CNS possess tst and produces TSST-1 have produced controversy in the literature [22, 23] ; tst was not detected in the 35 CNS isolates in the present study.
TSST-1 has been detected frequently in S. aureus isolates fkom TSS cases (95% in menstrual, 50-60% in non-menstrual cases) [6, 9] . On the contrary, only 5-20% of isolates of non-TSS origin have been found to produce TSST-1 [9, 121. In the present study, 56% of MRSA possessed tst and produced TSST-1; however, only 6 5 % of MSSA produced TSST-1 and had tst (Table 3) . Thus, the tst gene was much more prevalent in MRSA than in MSSA strains and the prevalence of tst in MRSA was as much as that in S. aureus isolated in non-menstrual TSS cases. Recent investigations, with isogenic pairs of TSST-1 -secreting and TSST-1 -deficient S. aureus suggested that TSST-1 was a virulence determinant not only in TSS but also in other staphylococcal infections [24] . Although the clinical course of patients from whom TSST-1-producing MRSA were isolated was not investigated in the study, such MRSA would be a potential clinical threat [25] . Similar correlation between methicillin resistance and TSST-1 production in clinical isolates has been reported [26] . The background of this relationship was unknown, but we speculate that tst and the methicillin-resistant gene (rnecA) may be coregulated, as TSST-1 production and protein A production were reported to be inversely regulated by the agr gene [21] , whereas the expression of protein A and methicillin resistance had an inverse relationship [27] . However, further evidence is required to confirm this speculation.
In conclusion, the TSST-ELONP developed in this study is a convenient and reliable method for the detection of tst in staphylococci, that could be useful for both research and clinical purposes. Also, TSST-ELONP demonstrated that the distribution of tst was more prevalent in MRSA than in MSSA.
